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b = 11.394 (3) A 
c = 14.332 (4) A 
a = 96.414 (5)° 
B = 99.066 (6)° 
y = 94.085 (6)° 
V = 1142.1 (5) A 3 

Data collection 

Bruker SMART APEX CCD 
area-detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2000) 
Tna,, = 0.880, T max = 0.984 

Refinement 

R[F 2 > 2a(F 2 )} = 0.064 

wR(F 2 ) = 0.143 

S = 1.02 

4472 reflections 

294 parameters 

1 restraint 



Z = 2 

Mo Ka radiation 
li = 0.26 mm -1 
T = 298 K 

0.50 x 0.12 x 0.06 mm 



13125 measured reflections 
4472 independent reflections 
2810 reflections with / > 2a(l) 
R,„. = 0.053 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.32 e A~ 3 

Ap mi „ = -0.19 e A~ 3 



In the title compound, C24H22N4O2S2, the dihedral angles 
formed by the thioureido groups with the attached benzene 
ring are 43.81 (13) and 75.25 (13)°. The dihedral angle 
between the thioureido groups is 85.48 (10)°. The molecule 
is stabilized by intramolecular N— H- ■ -S, N— H- ■ O and C— 
H- ■ -S hydrogen bonds. In the crystal, molecules are linked by 
intermolecular N— H- ■ -S hydrogen bonds together with C— 
H- ■ -7t interactions. 

Related literature 

For the structure of related bis-carbomothioyl thioureas, see: 
Yamin & Osman (2011); Thiam et al. (2008). 
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Experimental 

Crystal data 

C24H 22 N 4 02S2 Triclinic, Pi 

M r = 462.58 a = 7.1565 (18) A 



Table 1 

Hydrogen-bond geometry (A, °). 
Cgl is the centroid of the C9-C14 ring. 



D-H-A 


D-H 


H- ■ A 


D- ■ A 


D-H-A 


N1-H1---S2 


0.86 


2.83 


3.476 (3) 


134 


Nl-Hl-Ol 


0.86 


1.95 


2.651 (3) 


138 


N3-H3-02 


0.86 


1.97 


2.640 (3) 


134 


C2-H2A-S1 


0.93 


2.79 


3.223 (3) 


110 


N4-H4- ■ S2' 


0.86 


2.71 


3.533 (3) 


161 


C15— H15B- • -Cgl" 


0.96 


2.76 


3.509 (4) 


136 


Symmetry codes: (i) — x 


+ 2, -y+l.-Z 


(ii) -x + 1, 


-y + 1, -z + 1. 





Data collection: SMART (Bruker, 2000); cell refinement: SAINT 
(Bruker, 2000); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL, PARST (Nardelli, 
1995) and PLATON (Spek, 2009). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RZ2633). 
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l-(4-Methylbenzoyl)-3-{2-[3-(4-methylbenzoyl)thioureido]phenyl} thiourea 
U. M. Osman and B. M. Yamin 

Comment 

The title compound, l,2-bis(A''-4-methylbenzoylthioureido)benzene (systematic name: l-(4-methylbenzoyl)-3-{2-[3-(4- 
methylbenzoyl)thioureido]phenyl}thiourea), is similar to l,2-bis(A''-benzoylthioureido)benzene (Thiame? al, 2008) except 
for the presence of methyl groups at para position of the benzoyl group (Fig. 1). Both thioureido groups S1/N1/N2/C7/C1 
and S2/N3/N4/C16/C6 are planar with maximum deviation from the least square planes of 0.033 (2)A for the Nl atom. 
The thioureido groups form dihedral angles of 43.8 1 (13) and 75.25 (13) A, respectively, with the central benzene ring. The 
dihedral between the two thioureido groups is 85.58 (10)°. There are four intramolecular hydrogen bonds forming three six- 
memberedring [Ol-Hl— Nl— C7— N2— C8], [02-H3A— N3— C16— N4— C17] and [H2A-S1— CI— Nl— CI— C2], 
and one seven-membered ring [H1- S2 — C16 — N3 — C6 — CI — Nl] as compared to two intramolecular hydrogen bonds 
observed in l,2-bis(A''-benzoylthioureido) benzene. The introduction of chloro atom to the bridging benzene ring in 1,2- 
bis(A''-benzoylthioureido)-4-chlorobenzene (Yamin & Osman, 2011) allowed four intramolecular hydrogen bonds. In the 
crystal structure, the molecules are linked by Nl — H1A - S1 intermolecular hydrogen bonds (symmetry codes as in Table 
1) to form centrosymmetric dimers (Fig. 2). In addition, a C — H---7I interaction with distance of 2.760A and an angle of 
136° is also present. 

Experimental 

To a stirred acetone solution (75 ml) of /?ara-benzoyl chloride (0.04 mol) and ammonium thiocyanate (0.04 mol) 1,2- 
phenylenediamine (0.02 mol) in 40 ml of acetone was added dropwise. The solution mixture was refluxed for 1 h. The 
resulting solution was poured into a beaker containing some ice cubes. The white precipitate formed was fdtered off, washed 
with distilled water and cold ethanol and then dried under vacuum. Good quality crystals were obtained by recrystallization 
from ethanol. 

Refinement 

The hydrogen atom attached to the N2 atom was refined freely, with the N — H distance restrained to be 0.86 A and 
^iso(H) = 1.2 L' e q(N). All other H atoms were positioned geometrically and constrained to ride on their parent atoms, with 
C— H(aromatic) = 0.93 A, C— i/(alkyl) = 0.96 A, N— H = 0.86 A, and with C/ iso (H) = x (7 eq (parent atom) where x= 1.2 
for both CH(aromatic) and NH groups, and x = 1.5 for CH(methyl) groups. A rotating group model was applied to the 
methyl groups. 
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Figures 




Fig. 1. The molecular structure of the title compound, with displacement ellipsoids drawn at 
the 50% probability level. Intermolecular hydrogen bonds are shown as dashed lines. 



Fig. 2. A packing diagram of the title compound viewed along the a axis. Hydrogen bonds are 
shown as dashed lines. 



1-(4-Methylbenzoyl)-3-{2-[3-(4-methylbenzoyl)thioureido]phenyl}thiourea 



Crystal data 




C 2 4H 22 N 4 02S2 


Z = 2 


M r = 462.58 


F(000) = 484 


Triclinic, PI 


D x = 1.345 MgnT 3 


Hall symbol: -P 1 


Melting point = 475.4-476.6 K 


a = 7.1565 (18)A 


Mo Ka radiation, X = 0.71073 A 


b= 11.394 (3) A 


Cell parameters from 1550 reflections 


c= 14.332 (4) A 


0= 1.8-26.0° 


a = 96.414 (5)° 


li = 0.26 mm 1 


(3 = 99.066 (6)° 


T=298K 


y = 94.085 (6)° 


Slab, colourless 


V= 1142.1 (5) A 3 


0.50 x 0.12 x 0.06 mm 



Data collection 



Bruker SMART APEX CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 
graphite 

Detector resolution: 83.66 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2000) 
T min = 0.880, T max = 0.984 
13125 measured reflections 



4472 independent reflections 

2810 reflections with / > 2o(7) 
Rtet = 0.053 

©max = 26.0°, 9 m in = 1.8° 

h = -8^8 
jfc = -14-»14 
/=-17-»17 
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Refinement 

Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = V[o 2 (F 0 2 ) + (0.0601P) 2 + 0.1876P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max < 0.001 

Ap m ax = 0.32 e A~ 3 
Ap min = -0.19eA- 3 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




SI 


1.23642 (15) 


1.02145 (9) 


0.41453 (8) 


0.0810 (4) 


S2 


1.21023 (12) 


0.60423 (7) 


0.10031 (6) 


0.0488 (3) 


01 


0.9229 (3) 


0.6795 (2) 


0.25909 (17) 


0.0661 (7) 


02 


0.9013 (3) 


0.87729 (19) 


-0.05615 (16) 


0.0638 (7) 


Nl 


1.2155 (3) 


0.8412 (2) 


0.27623 (17) 


0.0438 (6) 


HI 


1.1524 


0.7764 


0.2483 


0.053* 


N2 


1.0044 (4) 


0.8279 (2) 


0.38102 (18) 


0.0457 (6) 


H2 


0.968 (4) 


0.868 (2) 


0.4283 (14) 


0.055* 


N3 


1.1759 (3) 


0.8295 (2) 


0.07633 (17) 


0.0467 (6) 


H3 


1.1088 


0.8820 


0.0526 


0.056* 


N4 


0.9377 (3) 


0.6947 (2) 


-0.00916 (17) 


0.0447 (6) 


H4 


0.8882 


0.6224 


-0.0191 


0.054* 


CI 


1.3716 (4) 


0.8820 (2) 


0.2346 (2) 


0.0403 (7) 


C2 


1.5444 (4) 


0.9285 (3) 


0.2888 (2) 


0.0489 (8) 


H2A 


1.5595 


0.9358 


0.3549 


0.059* 


C3 


1.6929 (5) 


0.9638 (3) 


0.2455 (3) 


0.0566 (9) 


H3A 


1.8068 


0.9970 


0.2826 


0.068* 



Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.064 

wR(F 2 ) = 0.143 

S= 1.02 

4472 reflections 
294 parameters 
1 restraint 
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Atomic displacement parameters (A 2 ) 
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U 22 
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U 12 
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SI 
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0.0411 (14) 
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A AAQT /I C\ 

U.UUoj (1 J) 


A AACQ (\ A\ 

u.uujy (14) 


1 1U 


A ACT /0\ 

U.UJ3 (Z ) 


A AC IO no\ 

U.Uj lo yi-y) 


a A/i 71 nn\ 

u.u4 /i (lyj 


A AA C C /I /r\ 

U.UU J J (lo) 


A AAQC (\ ~l\ 

u.uuyj (i /) 


A AAQ 1 /1 C\ 

u.uuy i (i j) 


r^i 1 


A A/i/: n\ 

U.U40 (Z ) 


A ACQ /">\ 

U.UjV (Z) 


A ACQ /7\ 

U.Ujo (Z J 


A AAQ 1 / 1 n\ 

u.uuy i(i/) 


A AAAQ /I 7\ 

u.uuuy (i /) 


A AAQQ (\ ~l\ 

u.uuyo (i /) 


C1Z 


A A/1 AO /I Q\ 

U.U4UO (iy) 


A A/1 1/C /I Q~\ 

U.U4 30 (1 o) 


A A/T7 /7\ 

u.uoz (z ) 


A AA7A /I C\ 

U.UU /U (1 J) 


A a i t (i ( 1 /:\ 
U.U1 30 (lo) 


A A1 Q7 (\ /:\ 

U. Ul 3Z (10) 




A A C *7 /">\ 

U.Uj / (Z) 


A AC/: /7\ 

U.UjO (Z) 


A AC 1 /7\ 

U.UjI (ZJ 


A AAA/: /I 7\ 

U.UUUo (1 /) 


A A7AA /I Q\ 

U.UZUU (lo) 


A AATA (\ (r\ 

U.UU3U (10) 


1 14 


A A/1 ,TA /I Q\ 

u.u4ou (iy) 


A A/1Q7 M Q\ 

U.U4VZ yly) 


A A/1Q /7\ 

u.u^y (z j 


A AAT/1 /I C\ 

U.UUj4 (1 J) 


A AA7A (\ f\ 

U.UU /U (10) 


A AA1/1 ( 1 C\ 

U.UU34 (1 J) 


1 c 

d j 


A A C A /TX 

U.U JU (Z ) 


A A77 <">\ 

u.u / z yZ) 


A A7Q in\ 

U.U /o yj) 


A AA/1 7 /I Q\ 

U.UU4 / (1 o) 


A A7 17 / 1 Q\ 

u.uzi / (iy) 


A A77 /7\ 
U.UZZ (Z) 


Clo 


A A/1 T A /I Q\ 

U.U43U (lo) 


A A/1/1 *T / 1 Q\ 

U.U440 (1 o) 


a ni/i7 /'i 7\ 
U.U34/ ^1 1 ) 


A AA 1 C / 1 A \ 

U.UU 1 J (14) 


A A 1 AC /1 A \ 

U.U1UJ (14) 


A AA 17 /1 A\ 

U.UU1Z (14) 


L-l / 


A AC/1 

U.UJ4 (Z J 


A A/177 H OA 
U.U4Z / yly) 


A A/1 A/C /I Q\ 

U.U4UO (lo) 


A AATT / 1 /:\ 

U.UU J J (lo) 


A AAQA (\ C\ 

U.UU3U (i j) 


A AAT A (\ C\ 

U.UU3U (1 J) 


1 o 

Clo 


A A/1 o/: / 1 Q\ 

u.u4oo (iy) 


A A1QA /I 7\ 

u.ujyu yi / ) 


A A/1 7a n o\ 
U.U4Z3 (lo) 


A AA/1 A /I C\ 

U.UU4U (1 J) 


A AAQQ (\ C\ 

U.UUjo (i j) 


A AA 1 C /1 A\ 

U.UU 1 J (14) 


Pin 

C19 


A A C /I \ 

U.UoJ (Z) 


A AT AO ("1 0\ 

U.U398 (18) 


A AC A ZO\ 

U.UjO (z) 


A AAT /I / 1 ZZ\ 

-U.UUio (lo) 


A AA AC ( 1 0\ 

U.UU46 (lo) 


U.UUoi (1j) 


C20 


0.068 (2) 


0.049 (2) 


0.051 (2) 


0.0066 (18) 


-0.0066 (18) 


0.0041 (16) 


C21 


0.050 (2) 


0.054 (2) 


0.046 (2) 


0.0082 (17) 


0.0033 (16) 


-0.0092(16) 


C22 


0.052 (2) 


0.060 (2) 


0.052 (2) 


-0.0020(17) 


0.0153(17) 


0.0035 (17) 


C23 


0.050 (2) 


0.056 (2) 


0.0448 (19) 


0.0074(17) 


0.0068 (16) 


0.0087 (15) 


C24 


0.059 (2) 


0.101 (3) 


0.063 (2) 


0.002 (2) 


0.0022 (19) 


-0.001 (2) 



Geometric parameters (A, °) 



SI— C7 


1.656 (3) 


C9— C10 


1.386 (4) 


S2— C16 


1.665 (3) 


C10— Cll 


1.378 (4) 


Ol— C8 


1.213 (3) 


C10— H10 


0.9300 


02— CI 7 


1.225 (3) 


Cll— C12 


1.377 (4) 


Nl— C7 


1.329 (4) 


Cll— Hll 


0.9300 


Nl— CI 


1.421 (4) 


C12— C13 


1.382 (4) 


Nl— HI 


0.8600 


C12— C15 


1.506(4) 


N2— C8 


1.377 (4) 


C13— C14 


1.383 (4) 


N2— C7 


1.390 (4) 


C13— H13 


0.9300 


N2— H2 


0.859 (10) 


C14— H14 


0.9300 


N3— CI 6 


1.331 (3) 


C15— H15A 


0.9600 


N3— C6 


1.432 (4) 


C15— H15B 


0.9600 


N3— H3 


0.8600 


C15— H15C 


0.9600 


N4— C17 


1.378 (4) 


C17— C18 


1.484 (4) 


N4— CI 6 


1.389 (4) 


C18— C19 


1.382 (4) 


N4— H4 


0.8600 


CI 8— C23 


1.387 (4) 


CI— C6 


1.385 (4) 


C19— C20 


1.373 (4) 


CI— C2 


1.387 (4) 


C19— H19 


0.9300 


C2— C3 


1.371 (4) 


C20— C21 


1.384 (5) 


C2— H2A 


0.9300 


C20— H20 


0.9300 


C3— C4 


1.376 (5) 


C21— C22 


1.380(4) 
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C3 — Hi A 


U.ViUU 




L.J 1 O ^ 


C4 — H4A 


0.9300 


C5 C6 


1.385 (4) 


C5 — H5 


0.9300 


C8 — C9 


1.481 (4) 


C9 — C14 


1.381 (4) 


p~7 mi pi 
C/ — IN 1 — CI 


12 /.y (2) 


p*7 mi ui 
C/ — JN 1 — HI 


1 lO. 1 


P 1 Ml 111 


11^1 

1 lo. 1 


po mi p~7 
Co — JN2 — C/ 


1 Tfl 1 /"3\ 

12V.1 (3) 


PQ M1 

Co — JN2 — H2 


12U (2) 


p*7 mi m 
C/ — JN2 — Hi 


1 1U (2) 


P1 a in p/; 
C16 JNi — Co 


124. / (3) 


pi/: -\ji ui 
C 1 D — JN i — Hi 


11/./ 


p/r Ml m 

Co — JN i — Hi 


117 7 
11/./ 


P 1 "7 M/1 p 1 /: 

CI / — JN4 Clo 


no a c\\ 
125.4 (3) 


P 1 "7 M/1 TJ/1 

CI / — JN4 H4 


11 J. o 


P1 *C M/l XT /I 

C 1 0 — JN 4 H4 


1 1 c o 

115.8 


p/c p 1 pi 
Co — CI — C2 


1 1 O O /I \ 

llo.o (i) 


p/; pi mi 
Co — CI — JN 1 


1 1 O 1 S1\ 

llo. / (i) 


PI P 1 M1 

C2 — CI — JN 1 


122.4 (i) 


pi pi pi 
Ci — C2 — C 1 


1 in a fi\ 
12U.4 (i) 


PI pi m A 

Ci — C2 — H2A 


1 1 n o 

iiy.o 


p 1 pi m a 
C 1 — Cz — Hz A 


lino 

iiy.o 


pi pi p/i 
Cz — Ci — C4 


nft o (1 \ 
12U.0 (i) 


pi pi tti A 

Cz — Ci — Hi A 


1 1 Q £ 

i iy.o 


p/i pi ui a 
C4 — Ci — Hi A 


i in £ 

iiy.o 


pi p/i pc 
Ci — C4 — CD 


i in a n\ 
liy.4 (i) 


pi p/i TT/1 A 

Ci — C4 — H4A 


1 on i 
12U.i 


PC C^A TJ/1 A 

CD — C4 H4A 


1 Ifl 1 

12U.i 


p/i pc p/: 
C4 — CD — Co 


1 in 1 fl\ 
12U.1 (i) 


P/1 PC TJC 

C4 — CD — HD 


linn 

ny.y 


P£ PC TJC 

Co — CD — HD 


1 1 n n 

ny.y 


pc p/: pi 
CD — Co — C 1 


nn /i /i\ 
12U.4 (i) 


pc p/; mi 
CD — Co — JN i 


i n n n\ 

1 1 /.y (i) 


P1 P*C ~KT1 

CI — Co — JNi 


121. D (i) 


Ml r"7 Ml 

JNI — C/ — IN 2 


11D.D (i) 


m 1 p~7 c 1 
JNI — C/ — M 


120. i (2) 


mi p~7 c 1 
IN 2 — C/ — M 


I ID i /i\ 

II 0.1 (2) 


p.1 po mo 
(Jl — Co — JNz 


121.y (i) 


p.1 po pn 
Ul — Co — CV 


122.y (i) 


\n po pn 

JNi — co — cy 


lie i n\ 
11D.2 (i) 


C14— C9— CIO 


118.4 (3) 


C14— C9— C8 


123.6 (3) 


CIO— C9— C8 


117.9 (3) 


Cll— CIO— C9 


120.4 (3) 


Cll— CIO— H10 


119.8 


C9— CIO— H10 


119.8 



C21 — C24 


I.dUo (4) 




l.j /o y'-r) 


C22 — H22 


0.9300 


C23 — H23 


0.9300 


C24 — H24A 


0.9600 


C24 — H24B 


0.9600 


C24 — H24C 


0.9600 


Cll — C12 — Cli 


1 1 O 1 {1\ 

llo.i (i) 


n i pn pi c 
Cll — C12 — C1D 


111 /; ll \ 
121.6 (i) 


pn pn pk 
Cli — C12 — C1D 


1 in 1 (1 \ 
12U.1 (i) 


pn pn pn 
C12 — Cli — C14 


1 in "7 ll \ 
12U. / (i) 


pn pn TJ11 
C12 — Cli — Hli 


i in ^ 

ny.6 


pn pn T_rl"5 
C 14 — C 1 i — H 1 i 


i in £ 

i iy.6 


pn pi i pit 
cy — C 1 4 C 1 i 


1 in o fl\ 
12U.0 (i) 


pn p 1 /i tj 1 ^i 
cy — C 1 4 H 1 4 


1 in £ 

ny.6 


pn pn t_t1/1 
Cli — C14 — H14 


1 1 n £. 

ny.6 


pn PK it 1 C A 

C12 — C1D — H1DA 


1 nn c 

luy.D 


pil pK TJ1CT3 

C12 — C1D — HIDiJ 


1 nn c 

luy.D 


TJ1CA pi C TJ1CT3 

H 1 DA — C 1 D — H 1 DiJ 


1 nn c 

luy.D 


pn pk mcp 
C12 — C1D — HI DC 


1 nn c 

luy.D 


TJ1CA PI C TJ1 CP 

H 1 DA — C 1 D — H IDC 


1 nn c 

luy.D 


m ctj pk mcp 
H 1 DiJ — C 1 D — H IDC 


1 nn c 

luy.D 


Ml 1 £ M/1 

JNi — C10 — JN4 


1 1 C Q CX\ 

HD.y (i) 


Ml p 1 /; ci 
JNi — Clo — 52 


1 1/1 1 P1\ 

124.1 (2) 


M/1 Pli C1 

JN4 — Clo — S2 


1 in n pi\ 
12U.U (2) 


P.T P 1 "7 M/1 

U2 — CI / — JN4 


in n ii \ 
121.y (i) 


r\^i p 1 "7 pig 
U2 — CI / — CIS 


111 c (1\ 

121 .D (i) 


M/1 P 1 "7 PI O 

JN4 — CI / — Clo 


116.6 (i) 


pin pio pn 
C 1 y — C 1 0 — C2i 


1 1 O A 

110.4 (i) 


pin pio pn 

ciy — cio — ci / 


1 1 O /C 

110.6 (i) 


pi! pio pn 
C2i — C 1 0 — C 1 / 


111 o fl\ 

122.0 (i) 


pin pin pio 

C2u — c i y — C 1 0 


1 in c /l\ 
12U.D (i) 


pin pin uin 
C2U — C i y — H i y 


1 1 n "7 

i iy. / 


pio pin mn 

cio — ciy — Hiy 


1 1 n "7 

ny./ 


pin pin P11 
C 1 y — C2U — C2 1 


Ill £. /I \ 

121.6 (i) 


pin pin uin 
C 1 y — C2U — H2U 


1 1 n i 

i iy.2 


pii pin uin 
C2 1 — C2U — H2U 


1 1 n i 

i iy.2 


pii pii pin 
C22 — C2 1 — C20 


1 1 H C /"T\ 

117.5 (3) 


pii pii pi/i 
C22 — C2 1 — C24 


1 in c ll\ 
12U.6 (i) 


pin pii pi/i 
C2U — C2 1 — C24 


111 n ll \ 
121.y (i) 


pn pn pn 
C2i — C22 — C2 1 


111 c il\ 

121. D (i) 


pn pii mi 
C2i — C22 — H22 


i i n i 

ny.i 


pn pii iin 
C2 1 — C22 — H22 


1 1 n i 

1 iy.i 


C22— C23— C18 


120.4 (3) 


C22— C23— H23 


119.8 


C18— C23— H23 


119.8 


C21— C24— H24A 


109.5 


C21— C24— H24B 


109.5 


H24A— C24— H24B 


109.5 
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C12 — Cll — CIO 


121.3 (3) 


C21 — C24 — H24C 


109.5 


C12 — Cll — Hll 


119.3 


H24A — C24 — H24C 


109.5 


CIO — Cll — Hll 


119.3 


H24B — C24 — H24C 


109.5 


p~7 mi p 1 p/; 
(_./ — IN 1 — CI — Co 


1/11 A /"3\ 

— 141.4 (3) 


C1U — Cll — C12 — CI J 


-2.6 (5) 


PO Ml P 1 PO 

C/ — JN 1 — CI — C2 


A 1 <C //I \ 

41.0 (4) 


pin pi i pn pi c 
C1U — Cll — C12 — C1D 


1 HH ") {1 \ 
1 / 1.1 (3) 


p/; pi po pi 
Co — C 1 — Cz — C 3 


1.3 (4) 


pi 1 pn pii pi /i 
Cll — C12 — CI 3 — C14 


2.2 (5) 


\r1 pi po pi 

JN 1 — C 1 — Cz — C 3 


1 /O.Z (3) 


pic pn pii pi/i 
C1D — C12 — C13 — C14 


1 HH C (1 \ 
—1 / /.O (3) 


pi po pi p/i 
C 1 — Cz — C 3 — C4 


1 a 

-1.9 (5) 


pin pn p 1 a pii 
C 1 0 — C9 — C 1 4 — C 1 3 


"i 1 SA\ 

-2.3 (4) 


PO PI P/1 PC 

Cz — C3 — C4 — CD 


1 1 

1.1 (5) 


pn pn P 1 A PII 

Co — C9 — C 1 4 — C 1 3 


1 HZ A 

1 /j.y (3) 


pi p/i pc p/: 
C3 — C4 — CD — Co 


A 1 

0.1 (5) 


pn pii p 1 a pn 
C 1 2 — C 1 3 — C 1 4 — C9 


0.3 (5) 


p/i pc p/: pi 
C4 — CD — Co — C 1 


-0.7 (5) 


p/; Ml pu M/1 

C6 — JN 3 — C 1 6 — JN 4 


1 H£ "t (1 \ 

1 lb. 1 (3) 


P/1 pc P£ Ml 

C4 — CD — Co — JN 3 


1 / j. j (3) 


p/; mi pu co 
C6 — JN 3 — C 1 6 — til 


A A ( A\ 

4.4 (4) 


PO P1 P£ PC 

Cz — CI — Co — CD 


U.U (4) 


PIO M/1 pii Ml 

CI / — JN4 — C16 — JN3 


C 1 ( A\ 

5.3 (4) 


Mi p 1 p/; pc 
JN 1 — CI — Co — CD 


1 n a (i \ 
— 1 / /.U (3) 


pn m/1 p 1 /; co 
C 1 / — JN 4 — C 1 6 — S2 


-1 Id. 5 [2) 


r^o t ' 1 r*£. mi 
Cz — CI — CO — JN 3 


1 1 (1\ 

— 1 /O.l (3 J 


/ ■ 1 r M/1 f ' 1 "7 P.0 

C16 — JN4 — CI / — Uz 


J.O [p ) 


mi pi mi 
JN 1 — CI — CO — JN 3 


o.y (4 j 


( ■ i /; M/1 1 "7 P1Q 

CIO — JN4 — CI / — Clo 


— L ILA \5 ) 


pi /: mi p/; pc 
C 1 0 — JN 3 — Co — CD 


1U3.Z (3) 


p.o pn pi n pm 
02 — C 1 / — C 1 o — c i y 


DS.j [p) 


pi/: mi p/; pi 
C 1 0 — JN 3 — Co — C 1 


-oU.O (4) 


M/i pn pi n pin 
JN4 — CI / — Clo — ciy 


1 ci a fy\ 
— 133.4 (3) 


pi mi p~7 mi 
CI — JN 1 — C / — JN2 


1 T/C A /"3\ 

— 1 /0.4 (3) 


P.O P 1 "7 PI O POl 

U2 — C 1 / — C 1 0 — C23 


1 AC A 

— i4o.y (3) 


( - i m 1 po c 1 
CI — JN 1 — C / — M 


5.9 (5) 


M/i pn pi o poi 
JN4 — CI / — Clo — C23 


11 1 //1\ 

31.1 (4) 


PQ MO PO Ml 

Co — JN2 — C / — JN 1 


A 1 

-9.3 (5) 


poi pio pin pon 
C23 — C 1 0 — C 1 y — C21) 


A A f£\ 

0.4 (5) 


pq Ml PO C 1 

Co — JN 2 — C / — a 1 


1 /TO C /I \ 

loo. 3 (3) 


pn pio pm pon 

c i / — c i o — c i y — C2u 


— 1 /3.Z (3) 


PO MO po P.1 

C / — JN 2 — Co — U 1 


3.7 (5) 


pio pin pon poi 
C 1 o — C 1 y — C2U — C2 1 


1.4 (5) 


PO MO po pn 

C / — JN2 — Co — C9 


17,1 A /I \ 

— 1 /4.4 (3) 


pin pon poi poo 
C 1 y — C2U — C2 1 — C22 


T /I 

-2.4 (5) 


P.1 po Pn Pi A 

U 1 — Co — C9 — C 1 4 


1DD.4 (3) 


pin pon poi po/i 
C 1 y — C2U — C2 1 — C24 


1 O (1 \ 

1 /O.o (3) 


mo po pn P1 A 

JN 2 — Co — C9 — C 1 4 


o/; c //i~\ 
-26.5 (4) 


pon poi poo poi 
C20 — C2 1 — C22 — C23 


1.7 (5) 


Ol— C8— C9— CIO 


-26.4 (4) 


C24— C21— C22— C23 


-177.6(3) 


N2— C8— C9— CIO 


151.7 (3) 


C21— C22— C23— C18 


0.1 (5) 


CI 4— C9— CIO— Cll 


1.9 (5) 


CI 9— CI 8— C23— C22 


-1.1(5) 


C8— C9— CIO— Cll 


-176.4 (3) 


CI 7— CI 8— C23— C22 


174.3 (3) 


C9— CIO— Cll— C12 


0.6 (5) 







Hydrogen-bond geometry (A, °) 

Cgl is the centroid of the C9-C14 ring. 



D—H-A D — H 

Nl— H1-S2 0.86 

Nl— Hl-Oli 0.86 

N3— H3-02 0.86 

C2— H2A-S1 0.93 

N4— H4-S2' 0.86 

C15— H15B-Cgl" 0.96 



Symmetry codes: i; (i) -x+2, -y+l, -z; (ii) -x+1, -y+1, -z+1 



II - 1 D-A D—H-A 

2.83 3.476 (3) 134 

1.95 2.651 (3) 138 

1.97 2.640 (3) 134 

2.79 3.223 (3) 110 

2.71 3.533 (3) 161 

2.76 3.509 (4) 136 
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